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The significance of the esterification of cho-
lesterol in the keratinization process has
attracted considerable attention, particularly in
connection With skin diseases like psoriasis
where the existence of a modification of the
process seems possible (1, 2, 3, 5). When
eholesteryl esters (CE) are studied in surface
lipids, their separation from wax esters (WE)
is often a desirable experimental procedure,
but no reliable method has been described.
Normally occurring in the ratio of 1:9 (CE:
WE) by weight, the two components are not
resolved by silicic acid chromatography (4).
Haahti has shown that a synthetic mixture of
wax esters ("Spermaceti") and cholesteryl
palmitate can be resolved on a column of de-
activated alumina, but this approach failed in
the case of a natural mixture of WE and CE
originating on the skin surface (4). Better re-
sults were claimed when the latter separation
was attempted using TLC plates coated with
aluminum oxide G (6). In our experience, the
TLC method did indeed afford 2 bands, but
the one which corresponded in R value to a
choleateryl palmitate standard was found to be
heavily contaminated with WE, as demon-
strated by the relative amounts (by visual
inspection) of long chain alcohols and cho-
lesterol which were obtained by extraction of
lipid from the alumina, followed by trans-
esterifieation (7). Similarly, the second band
was not homogenous with respect to WE either.
When the amounts of WE and CE in the
lipid sample were comparable, as in the ease of
lipids from pathological scale (7), the separa-
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tion was successful. This suggested that the
ehromatographie procedure should be pre-
ceded by an operation designed to provide a
sample enriched in CE, such as the removal of
a portion of the WE from the mixture by
urea adduct formation (5). The gel filtration
medium Sephadex LH-20 offers an altemative
method of achieving the separation on the basis
of molecular conformation, since the relatively
rigid sterol ring structure may move more
rapidly through the gel than the flexible carbon
chains of the wax esters.
After applying their separation technique to
a CE-WE mixture from surface lipids, Haahti
and co-workers examined the fatty acid con-
tent of the fraction which they regarded as
pure CE, and reported that these acids were
saturated and monounsaturated, with chain
lengths of 14—18 carbons (9). From this data
they concluded that the CE were probably of
sebaeeous origin. However, lipids of the sepa-
rated epidermis are composed of CE to the
extent of about 8% (10). Since CE of epidermal
origin may possibly be distinguished from
sebaeeous CE on the skin surface by the loca-
tion of the unsaturation of their fatty acids
(11), a re-examination of surface CE fatty
acids seemed worthwhile.
MATERIALS AND METHODS
Lipid collection. The forearms of a male sub-
ject, age 34, were irrigated with acetone (200 ml
per arm) delivered from a wash-bottle, and the
washings were discarded. The process was repeated
after 48 hrs. when the washings were retained by
collecting them in a glass trough positioned under
the subject's bent elbow. Only fresh clothing was
permitted to come into contact with the forearm
skin during this time interval. The acetone solu-
tion was filtered through sintered glass, evaporated,
and the residue extracted with hexane. This proce-
dure was repeated on a sufficient number of occa-
sions to afford a lipid sample of 1.5 g.
34
ESTERIFIED CHOLESTEROL IN SURFACE LIPIDS: METHODS
OF ISOLATION AND FATTY ACID CONTENT*
DAVID I. WILKINSON, PH.D.
ABSTRACT
The chromatographic separation of cholesteryl esters and wax esters has been re-
examined. A convenient and satisfactory procedure involves partial removal of wax esters
with urea, followed by TLC of the residual material on alumina. Examination of the doubie
bond isomers present in the monounsaturatcd fatty acids in the cholesteryl ester fraction
supports an earlier conclusion that most of the cholestcryl esters are of sebaceous origin.
CHOLESTEROL IN SURFACE LIPIDS 35
Lipid resolution. The pooled sample was dis-
solved in light petroleum (20 ml) and dialyzed
through a rubber membrane (12). Practically afl
(99.8%) of the sample was recovered from the
dialysate. This was redissolved in the same solvent
(200 ml) and shaken 3 times with 250 ml portions
of 0.06N KOH in 50% ethanol (8). The lipid
remaining in the neutral phase (124 g) was re-
covered and applied to silicic acid (40 g) in a
column of 3 cm diameter which was eluted in the
manner described by Haahti (4) and the fractions
containing CE and WE pooled and evaporated
(0.31 g).(1) Separation on deactivated alumina. A
column of neutral alumina (Woelm, activity 1;
12 x 23.0 cm) was deactivated by passage of ethyl
acetate-light petroleum (2:3, v/v; 50 ml) followed
by ethyl acetate (10 ml). A sample of the CE-WE
mixture (59 mg) was applied in light petroleum(0.5 ml) and the column developed as indicated
(Figure 1). Fractions (10 ml) were collected and
an aliquot of each (usually 1.0 ml) taken,
evaporated, and the residue assayed for CE (3).
The remainder of each fraction was evaporated
and the residue weighed.
(2) Separation on Sephadex LH-20. The gel (25
g) was immersed in chloroform-methanol (1:1)
overnight, and packed into a column 2.0 x 32.0 cm.
A sample (15 mg) of the mixture was applied and
developed using the same solvent mixture, with a
flow rate of 1 mi/mm. Fractions (25 ml) were
collected, and aliquots of suitable size (usually
02 ml) taken, evaporated and assayed for CE
and total lipid. The earlier method (3) for CE was
increased in sensitivity by using chloroform (0.4
ml) and acetic anhydride-sulfuric acid (02 ml)
and 0.5 ml cuvettes (1 cm light path). Total lipid
was determined by charring (13).(3) Separation by urea adduct formation. The
method of Nicolaides and Ray (14) was applied
to the mixture (60 mg) in light petroleum (1.0
ml). After recovery, the adducting and non-.
adducting fractions were weighed, dissolved in light
petroleum, and aliquots assayed for CE as before.(4) TLC on alumina. This was carried out on
basic alumina as before (6). No more than 1 mg
was applied to each plate. Development used
benzene—light petroleum (1:9 v/v).
GLC and double bond location. A sample of
pure sterol ester fraction (7.5 mg) was subjected
to transesterification and the resulting methyl
esters purified by TLC, and resolved according to
degree of unsaturation by argentative TLC (7).
The monounsaturated fraction was recovered and
analysed by GLC using methods already described
(15). Preparative GLC was employed to isolate
individual esters using a 300 x 0.52 cm column
packed with 4% OV-l silicone on Chromosorb G
(AW, silanized, 70/80 mesh). Samples of 2 mg
were injected in hexane and Mo of the column
effluent diverted to the detector, the remainder
being condensed in glass tubes, cooled in acetone-
dry ice at the collection port. The column tem-
perature was increased from 130° to 250° at 3°!
mm. immediately after injection. Temperatures of
flash heater and detector-collection port were 250°
and Ø0
Individual methyl esters were recovered by
rinsing collection tubes with hexane (2—3 ml),
and evaporating the hexane solutions to a volume
of about 0.1 ml. The purity of each ester was
ascertained by injecting an aliquot (usually 1—3
,d) of each solution into a gas chromatographic
column (300 x 02 cm, packed with 3% OV-1 on
Chromosorb W, 100—120 mesh, HP) held at 195°C.
The solvent was removed from the remainder of
each solution contained in 10 ml vials, and each
ester subjected to the oxidative procedure of
Chang and Sweeley (16) on ¼ of the scale de-
scribed by the authors. This was conveniently per-
formed in the same vials, the solutions being
stirred for 4 hours with micro magnetic bars
(Cole-Farmer Co.).
After completion of methylation and removal
of excess diazomethane, most ether was removed
by a fine stream of nitrogen at 14°. Water (1 ml)
and hexane (1 ml) were added, and all shaken in a
small separatory funnel. This step removed
methanol from the oxidation products which
entered the hexane phase. The latter was separated
and reduced in volume to about 0.1 ml with
nitrogen. Blank runs were also carried out.
Analysis of fission products (mono-, di-methyl
esters) was performed on a 300 x 02 cm column
packed with 7% F-60 and 1% EGSP-Z on 80-100
mesh Gas Chrom Z. Aliquots (1—5 ul) of the
hexane solutions were injected with the column
at 600, when it was increased to 190° at 3°/mm.
Injection and detector temperatures were held
at 210° and 220°. The pattern obtained with this
commercially available column resembled that ob-
tained by Downing and Greene with a special SE-
30/DEGS phase (23).
Peak identities were established by co-chroma-
tography with authentic samples of methyl esters,
from C (butyrate) through C10, and diesters from
C4 (succinate) through C,.,.
For calculation of the relative amount of each
isomer present, the area under each peak was
divided by the number of carbon atoms in the
molecule which the peak represented (23). The
sum of the corrected peak areas for the 2 frag-
ments originating in a particular isomer was ex-
pressed as a % of the whole, for each chain length.
RESULTS
Adsorption and gel permeation chromatog-
raphy using columns afforded partial separa-
tions of CE and WE, as shown in Figures 1
and 2, respectively. Using alumina (Fig. 1),
CE were detected in all fractions containing
WE despite the fact that most of the latter
was eluted in fraction 2 while most of the
CE appeared in fractions 9—14. The pooling
of fractions 4—14 afforded material of which
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fraction
Fie. 1. Column chromatography of surface lipid
CE-WE on alumina.
Fractions 1—11 were eluted with light petroleum
(b.p. 40l600) and 12—15 with 1% ether in petro-
leum. Fraction size was 10 ml except l, 2, 12—15
(25 ml).
Fio. 2. Resolution of CE-WE on Sephadex-
LH2O.
42% was CE, while 10% of the CE remained
with the main WE fraction (2). Under the
gel permeation conditions used, CE, as ex-
pected, moved slightly faster than WE (Fig. 2),
although extensive overlapping precluded ob-
taining a pure CE sample. Fractions 5_9
(pooled) contained material of which 46% was
CE and 54% WE; 6% of CE was present in
the subsequent fractions.
In several experiments with urea, material
which failed to form an adduct contained CE
to the extent of 28—32%. However, a small
quantity (generally about 3% of the total CE
in the original mixture) was consistently in-
cluded in the adducted fraction. This phe-
nomenon has been noted before (8). The
subjection of the non-adducting fraction to a
second urea treatment resulted in substantial
inclusion of CE in the adducted fraction.
Each of the above methods (adsorption
chromatography, gel permeation, and urea ad-
duction) removed sufficient WE from the
natural mixture to increase the CE concentra-
tion from the original 10% to about 30—40%.
Each of these enriched mixtures, when sub-
jected to TLC on alumina, gave 2 bands similar
to those previously described (6). The slower
moving band, on extraction and transesterifica-
tion, afforded only cholesterol and methyl
esters, providing evidence of its purity with
respect to CE.
These results indicated that a 2-stage ap-
proach was desirable for obtaining CE in
adequate purity. For the first stage, urea ad-
duction was judged to be the most convenient
by far, and involved minimal loss of material.
Alumina TLC was retained as the second stage.
Argentative TLC and analytical GLC of the
methyl esters derived from separated CE frac-
tions confirmed the results of Haahti and
Nikkari (6) in that the esters were saturated
and monounsaturated, with traces of diun-
saturated, and that C10 acids predominated.
The extent of occurrence of double-bond
isomers of individual monounsaturated acids is
outlined in Table I.
DTSCUSSION
It is generally accepted that cholesterol syn-
thesis in sebaceous glands proceeds via the
Kandutsch-Russell pathway whose interme-
diate sterols and end-product exist in esterified
form. Considerable evidence for the operation
of this route in rat preputial and sebaceous
glands has accrued in recent years (see, for
instance, reference 17), but similar evidence in
the case of the human sebaeeous gland is much
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less impressive. Suskind demonstrated the pres-
ence of CE in normal sebaceous gland acini by
histochemical methods, although he obtained
positive results in only about 50% of the 45
subjects which he examined (18). Kellum failed
to find CE in the lipids of sebaceous glands
after isolation and extraction (19).
The synthesis of cholesterol in the epidermis,
in which it comprises 20% of the total lipids
(10), is currently held to follow the Bloch
pathway, with unesterified intermediate sterols.
Supporting this thesis, we have been unable to
detect esterified sterols in the lipids of basal
layer epidermal cells liberated by trypsinization
(20). However, the esterification of cholesterol
by free fatty acids during the keratinization
process is believed to occur and to represent
a significant biochemical event during the
latter, particularly in disease conditions (5).
Certainly CE are found to a substantial extent
(8%) in the total lipids of the epidermis (10).
Obviously these esters may be deposited on the
skin surface. Several reports have appeared
which support the idea that the symptomless
skin of psoriatic subjects has a surface lipid
film whose CE content is lower (about 20%)
than the corresponding film in healthy persons
(1, 2, 5). This has been interpreted in terms of
an ability of the skin surface which, it is
claimed, permits the esterification of endog-
enous cholesterol with exogenous, labelled
palmitic acid (5). However, since the CE-WE
separation was not attempted in the latter
study, the fate of the radioactive acid was not
elucidated fully.
The pattern of positional isomers of mono-
enoic acids occurring in CE (Table I) re-
sembles the one described by Nicolaides for
surface lipids (11), except that 9:10 are more
widely distributed, being observed in the C10,
C,7 and branched-chain C17 groups as well as
C,3 . According to Nicolaides, these acids with
9:10 urisaturation may be derived from CE of
epidermal or circulatory origin, while the rest
are sebum constituents. Since the latter com-
prise about 96% of the total, surface lipids
would appear to be a rather undesirable me-
dium for the study of sterol esterification in
keratinization.
The occurrence of a C26 acid is noteworthy
because lipids from sources other than human
skin have been reported to possess CE frac-
tions containing unusually long carbon chains,
e.g., bovine heart muscle with C28 acids (21) and
mouse skin lipids with up to C34 acids (22).
Perhaps the small proportion of CE which re-
mains admixed with WE during the separation
procedures described above contains further
amounts of cholesterol esterified with acids of
this chain length. Chains of this length would
be more vulnerable to urea adduction, for in-
stance, than shorter ones, and failure to achieve
their separation could be explained on this
basis.
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